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Abstract. Defeasible logic is a logic-programming based nonmonotonic

reasoning formalism whic h has an e�cien t implemen tation. It mak es use

of facts, strict rules, defeasible rules, defeaters, and a sup eriorit y relation.

W e clarify the pro of theory of defeasible logic through an analysis of the

conclusions it can dra w. Using it, w e sho w that defeaters do not add to

the expressiv eness of defeasible logic, among other results. The analysis

also supp orts the restriction of defeasible logic to admit only acyclic

sup eriorit y relations.

1 In tro duction

Defeasible logic [7, 8] is an approac h to nonmonotonic reasoning [6, 1] that has

a v ery distinctiv e feature: It w as designed to b e easily implemen table righ t from

the b eginning, unlik e most other approac hes. In fact it has an implemen tation

as a straigh tforw ard extension of Prolog [4 ]. F or a long time researc h in this

particular approac h has b een mostly neglected, but practical di�culties with

other approac hes ha v e recen tly refo cused some atten tion on this logic.

There are �v e kinds of features in defeasible logic: facts, strict rules, defeasible

rules, defeaters, and a sup eriorit y relation among rules. Essen tially , the strict and

defeasible rules supp ort making conclusions, while defeaters prev en t dra wing

conclusions. The sup eriorit y relation pro vides information ab out the relativ e

strength of rules, that is, it pro vides information ab out whic h rules can o v errule

whic h other rules.

The pro of theory of defeasible logic is complicated and di�cult to compre-

hend prop erly , ev en though it is based on common in tuitions. This has con-

tributed to the neglect of this logic. The �rst con tribution of this pap er is an

informal accoun t of defeasible logic whic h highligh ts the in tuitions b ehind the

details of the pro of theory . A careful accoun t com bining the in tuitions and formal

de�nitions has b een missing from the literature.

A second con tribution of the pap er is a simple tec hnique for establishing

prop erties of defeasible logic. The tec hnique is simple, in con trast to the complex

pro of theory it is dealing with. It pro vides a complete analysis of the p ossible

pro of-theoretic states of an atom and its negation. As a result, w e obtain a new

represen tation result: defeaters do not add to the expressiv eness of the logic

1

.

W e also obtain a simpler pro of of a result of Billington [3 ]: acyclic defeasible

1

in the prop ositional case.



theories are consisten t in the sense that they cannot defeasibly imply b oth p and

: p .

2 Defeasible Logic: A Gen tle Presen tation

2.1 The Ingredien t s of the Logic

W e b egin b y presen ting the basic ingredien ts of defeasible logic. A defeasible logic

program (a kno wledge base in defeasible logic) consists of �v e di�eren t kinds

of kno wledge: facts, strict rules, defeasible rules, defeaters, and a sup eriorit y

relation.

F acts are indisputable statemen ts, for example, \Tw eet y is an em u". W ritten

formally , this w ould b e expressed as emu ( tw eety ).

Strict rules are rules in the classical sense: whenev er the premises are in-

disputable (e.g. facts) then so is the conclusion. An example of a strict rule is

\Em us are birds". W ritten formally:

emu ( X ) ! bir d ( X ) :

Defe asible rules are rules that can b e defeated b y con trary evidence. An example

of suc h a rule is \Birds t ypically 
y"; written formally:

bir d ( X ) ) f l ies ( X ) :

The idea is that if w e kno w that something is a bird, then w e ma y conclude that

it 
ies, unless ther e is other evidenc e suggesting that it may not 
y .

Defe aters are rules that cannot b e used to dra w an y conclusions. Their only

use is to prev en t some conclusions. In other w ords, they are used to defeat some

defeasible rules b y pro ducing evidence to the con trary . An example is \If an

animal is hea vy then it ma y not b e able to 
y". F ormally:

heav y ( X ) ; : f l ies ( X )

The main p oin t is that the information that an animal is hea vy is not su�cien t

evidence to conclude that it do esn't 
y . It is only evidence that the animal

may not b e able to 
y . In other w ords, w e don't wish to conclude : f l ies ( X ) if

heav y ( X ), w e simply w an t to prev en t a conclusion f l ies ( X ).

The sup eriority r elation among rules is used to de�ne priorities among rules,

that is, where one rule ma y o v erride the conclusion of another rule. F or example,

giv en the defeasible rules

r : bir d ( X ) ) f l ies ( X )

r

0

: br ok enW ing ( X ) ) : f l ies ( X )

whic h con tradict one another, no conclusiv e decision can b e made ab out whether

a bird with brok en wings can 
y . But if w e in tro duce a sup eriorit y relation >

with r

0

> r , then w e can indeed conclude that the bird cannot 
y .



It turns out that w e only need to de�ne the sup eriorit y relation o v er rules with

con tradictory conclusions. Also notice that a cycle in the sup eriorit y relation is

coun ter-in tuitiv e. In the ab o v e example, it mak es no sense to ha v e b oth r > r

0

and r

0

> r . Consequen tly , w e will fo cus on cases where the sup eriorit y relation

is acyclic.

2.2 F ormal De�nition

In this pap er w e restrict atten tion to essen tially prop ositional defeasible logic;

rules with free v ariables are in terpreted as rule sc hemas, that is, as the set of all

ground instances. W e assume that the reader is famili ar with the notation and

basic notions of prop ositional logic. If q is a literal, � q denotes the complemen tary

literal (if q is a p ositiv e literal p then � q is : p ; and if q is : p , then � q is p ).

A rule r consists of its ante c e dent A ( r ) ( A ( r ) ma y b e omitted if it is the

empt y set) whic h is a �nite set of literals, an arro w, and its c onse quent C ( r )

whic h is a literal. In writing rules w e omit set notation for an teceden ts. There

are three kinds of rules, eac h represen ted b y a di�eren t arro w. Strict rules use

! , defeasible rules use ) , and defeaters use ; .

Giv en a set R of rules, w e denote the set of all strict rules in R b y R

s

, the

set of strict and defeasible rules in R b y R

sd

, the set of defeasible rules in R b y

R

d

, and the set of defeaters in R b y R

d f t

. R [ q ] denotes the set of rules in R with

consequen t q .

A sup eriority r elation on R is a relation > on R . When r

1

> r

2

, then r

1

is

called sup erior to r

2

, and r

2

inferior to r

1

. In tuitiv ely , r

1

> r

2

expresses that

r

1

o v errules r

2

, should b oth rules b e applicable. T ypically w e assume > to b e

acyclic (that is, the transitiv e closure of > is irre
exiv e), but in this pap er w e

o ccasionally study whic h prop erties dep end on acyclicit y .

A defe asible the ory D is a triple ( F ; R; > ) where F is a �nite set of literals

(called facts ), R a �nite set of rules, and > a sup eriorit y relation on R .

2.3 Pro of Theory

A c onclusion of D is a tagged literal and can ha v e one of the follo wing four

forms:

+ �q , whic h is in tended to mean that q is de�nitely pro v able in D .

� �q , whic h is in tended to mean that w e ha v e pro v ed that q is not de�nitely

pro v able in D .

+ @ q , whic h is in tended to mean that q is defeasibly pro v able in D .

� @ q whic h is in tended to mean that w e ha v e pro v ed that q is not defeasibly

pro v able in D .

Later on w e will discuss the in terconnections of these concepts. A t this stage w e

wish to men tion one: If w e are able to pro v e q de�nitely , then q is also defeasibly



pro v able. This is a direct consequence of the formal de�nition b elo w. It resem bles

the situation in, sa y , default logic: a form ula is pro v able from a default theory

T = ( W ; D ) (in the sense that it is included in eac h extension), if it is pro v able

from the set of facts W .

Pro v abilit y is de�ned b elo w. It is based on the concept of a derivation (or

pro of ) in D = ( F ; R; > ). A deriv ation is a �nite sequence P = ( P (1) ; : : : P ( n ))

of tagged literals satisfying the follo wing conditions ( P (1 ::i ) denotes the initial

part of the sequence P of length i ):

+ � : If P ( i + 1) = + �q then either

q 2 F or

9 r 2 R

s

[ q ] 8 a 2 A ( r ) : + �a 2 P (1 ::i )

That means, to pro v e + �q w e need to establish a pro of for q using facts and

strict rules only . This is a deduction in the classical sense { no pro ofs for the

negation of q need to b e considered (in con trast to defeasible pro v abilit y b elo w,

where opp osing c hains of reasoning m ust b e tak en in to accoun t, to o).

� � : If P ( i + 1) = � �q then

q 62 F and

8 r 2 R

s

[ q ] 9 a 2 A ( r ) : � �a 2 P (1 ::i )

T o pro v e � �q , i.e. that q is not de�nitely pro v able, q m ust not b e a fact. In

addition, w e need to establish that ev ery strict rule with head q is known to b e

inapplicable. Th us for ev ery suc h rule r there m ust b e at least one an teceden t a

for whic h w e ha v e established that a is not de�nitely pro v able ( � �a ).

It is w orth noticing that this de�nition of pro v abilit y do es not in v olv e lo op

detection. Th us if D consists of the single rule p ! p , w e can see that p cannot

b e pro v en. But defeasible logic is unable to pro v e � �p .

+ @ : If P ( i + 1) = + @ q then either

(1) + �q 2 P (1 ::i ) or

(2) (2.1) 9 r 2 R

sd

[ q ] 8 a 2 A ( r ) : + @ a 2 P (1 ::i ) and

(2.2) � � � q 2 P (1 ::i ) and

(2.3) 8 s 2 R [ � q ] either

(2.3.1) 9 a 2 A ( s ) : � @ a 2 P (1 ::i ) or

(2.3.2) 9 t 2 R

sd

[ q ] suc h that

8 a 2 A ( t ) : + @ a 2 P (1 ::i ) and t > s

Let us illustrate this de�nition. T o sho w that q is pro v able defeasibly w e

ha v e t w o c hoices: (1) W e sho w that q is already de�nitely pro v able; or (2) w e

need to argue using the defeasible part of D as w ell. In particular, w e require

that there m ust b e a strict or defeasible rule with head q whic h can b e applied

(2.1). But no w w e need to consider p ossible \coun terattac ks", that is, reasoning

c hains in supp ort of � q . T o b e more sp eci�c: to pro v e q defeasibly w e m ust

sho w that � q is not de�nitely pro v able (2.2). Also (2.3) w e m ust consider the

set of all rules whic h are not kno wn to b e inapplicable and whic h ha v e head � q



(note that here w e consider defeaters, to o, whereas they could not b e used to

supp ort the conclusion q ; this is in line with the motiv ation of defeaters giv en in

subsection 2.1). Essen tially eac h suc h rule s attac ks the conclusion q . F or q to b e

pro v able, eac h suc h rule s m ust b e coun terattac k ed b y a rule t with head q with

the follo wing prop erties: (i) t m ust b e applicable at this p oin t, and (ii) t m ust b e

stronger than s . Th us eac h attac k on the conclusion q m ust b e coun terattac k ed

b y a stronger rule.

The de�nition of the pro of theory of defeasible logic is completed b y the

condition � @ . It is nothing more than a strong negation of the condition + @ .

� @ : If P ( i + 1) = � @ q then

(1) � �q 2 P (1 ::i ) and

(2) (2.1) 8 r 2 R

sd

[ q ] 9 a 2 A ( r ) : � @ a 2 P (1 ::i ) or

(2.2) + � � q 2 P (1 ::i ) or

(2.3) 9 s 2 R [ � q ] suc h that

(2.3.1) 8 a 2 A ( s ) : + @ a 2 P (1 ::i ) and

(2.3.2) 8 t 2 R

sd

[ q ] either

9 a 2 A ( t ) : � @ a 2 P (1 ::i ) or t 6> s

T o pro v e that q is not defeasibly pro v able, w e m ust �rst establish that it is

not de�nitely pro v able. Then w e m ust establish that it cannot b e pro v en using

the defeasible part of the theory . There are three p ossibilities to ac hiev e this:

either w e ha v e established that none of the (strict and defeasible) rules with

head q can b e applied (2.1); or � q is de�nitely pro v able (2.2); or there m ust b e

an applicable rule s with head � q suc h that no applicable rule t with head q is

sup erior to s .

The elemen ts of a deriv ation are called lines of the deriv ation. W e sa y that

a tagged literal L is pr ovable in D = ( F ; R; > ), denoted D ` L , i� there is a

deriv ation in D suc h that L is a line of P . When D is ob vious from the con text

w e write ` L .

It is instructiv e to consider the conditions + @ and � @ in the terminology

of te ams , b orro w ed from [5 ]. A t some stage there is a team A consisting of the

applicable rules with head q , and a team B consisting of the applicable rules

with head � q . These teams comp ete with one another. T eam A wins i� ev ery

rule in team B is o v erruled b y a rule in team A ; in that case w e can pro v e

+ @ q . Another case is that team B wins, in whic h case w e can pro v e + @ � q . But

there are sev eral in termediate cases, for example one in whic h w e can pro v e that

neither q nor � q are pro v able. And there are cases where nothing can b e pro v ed

(due to lo ops). A thorough discussion of the p ossible outcomes of this \battle"

b et w een the t w o comp eting teams is found in the next section.

Example 1. Here w e wish to giv e an example

2

whic h illustrates the notion of

teams.

2

Rules in this example are actually rule sc hemas. Since there are no function sym b ols

and only a �nite n um b er of prop ositional constan ts, it is still essen tially a prop osi-

tional example.



monotr eme ( pl aty pus )

hasF ur ( pl aty pus )

l ay sE g g s ( pl aty pus )

hasB il l ( pl aty pus )

r

1

: monotr eme ( X ) ) mammal ( X )

r

2

: hasF ur ( X ) ) mammal ( X )

r

3

: l ay sE g g s ( X ) ) : mammal ( X )

r

4

: hasB il l ( X ) ) : mammal ( X )

r

1

> r

3

r

2

> r

4

In tuitiv ely w e conclude that pl aty pus is a mammal b ecause for ev ery reason

against this conclusion ( r

3

and r

4

) there is a stronger reason for mammal ( pl aty pus )

( r

1

and r

2

resp ectiv ely). It is easy to see that + @ mammal ( pl aty pus ) is indeed

pro v able in defeasible logic: there is a rule in supp ort of mammal ( pl aty pus ), and

ev ery rule for : mammal ( pl aty pus ) is o v erridden b y a rule for mammal ( pl aty pus ).

W e conclude this section with t w o remarks. First, strict rules are used in

t w o di�eren t w a ys. When w e try to establish de�nite pr ovability , then strict

rules are used as in classical logic: if they can �re they are applied, regardless of

an y reasoning c hains with the opp osite conclusion. But strict rules can also b e

used to sho w defe asible pr ovability , giv en that some other literals are kno wn to

b e defeasible pro v able. In this case, strict rules are used exactly lik e defeasible

rules. F or example, a strict rule ma y b e applicable y et it ma y not �re b ecause

there is a stronger rule with the opp osite conclusion. Also, strict rules are not

automatically sup erior to defeasible rules. This treatmen t of strict rules ma y

lo ok a bit confusing and coun terin tuitiv e. In [2] w e established a simple normal

form whic h separates the strict and the defeasible part as m uc h as p ossible, with

only a transparen t \bridge" b eing allo w ed linking the t w o parts together.

Finally w e mak e the follo wing remark: In the ab o v e de�nition often w e refer

to P (1 ::i ), or, in tuitiv ely , to the fact that a rule is curr ently applicable. This

ma y create the wrong impression that this applicabilit y ma y c hange as the pro of

pro ceeds (something found often in nonmonotonic pro ofs). But the sceptical

nature of defeasible logic do es not allo w for suc h a situation. F or example, if w e

ha v e established that a rule is curren tly not applicable b ecause w e ha v e � @ a for

some an teceden t a , this means that w e ha v e pro v en at a previous stage that a

is not pr ovable fr om the defe asible the ory D p er se.

3 Prop erties of the Pro of Theory

W e ha v e seen in the previous section that for ev ery prop osition p w e ha v e the

concepts ` + �p; ` � �p; ` + @ p; ` � @ p and the complemen tary concepts 6` + �p

etc. Finally , there are the corresp onding concepts for : p , whic h w e w ould exp ect



to b e related to those for p . This section sheds ligh t on the in terrelations b et w een

these notions.

W e de�ne four sets of literals encapsulating all the conclusions of a theory D .

+ � = f p j D ` + �p g

� � = f p j D ` � �p g

+ @ = f p j D ` + @ p g

� @ = f p j D ` � @ p g

Th us, the pro of-theoretic e�ects of a theory are summarized in the 4-tuple

(+ �; � �; + @ ; � @ ).

W e de�ne t w o defeasible logic theories D

1

and D

2

to b e c onclusion e quivalent

if the t w o theories pro duce iden tical 4-tuples. W e write D

1

� D

2

.

As straigh tforw ard consequences of the pro of rules, w e ha v e the follo wing

relations among the sets.

+ � � + @ + � \ � � = ;

� @ � � � + @ \ � @ = ;

+ � \ � @ = ;

The four sets migh t generate 2

4

= 16 p ossible outcomes for a single prop o-

sition. Ho w ev er, b ecause of the ab o v e relations, for eac h prop osition p w e can

iden tify exactly six di�eren t p ossible outcomes of the pro of theory . With eac h

outcome w e presen t a simple theory that ac hiev es this outcome.

A: 6` � �p and 6` + @ p

p ! p

B: ` + @ p and 6` + �p and 6` � �p

) p ; p ! p

C: ` + �p (and also ` + @ p )

! p

D: ` + @ p and ` � �p

) p

E: ` � �p and 6` + @ p and 6` � @ p

p ) p

F: ` � @ p (and also ` � �p )

; , the empt y theory

Similarl y , there are the same six p ossibilities for : p . W e can represen t the out-

comes in terms of a V enn diagram in Figure 1.

In Figure 1, the circle on the left { con taining B, C, and D { represen ts the

literals p suc h that + @ p can b e pro v ed, and the ellipse inside it (i.e. C) represen ts

the literals p suc h that + �p can b e pro v ed. The circle on the righ t { con taining

D, E, and F { represen ts the literals p suc h that � �p can b e pro v ed, and the

ellipse inside it (i.e. F) represen ts the literals p suc h that � @ p can b e pro v ed.
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Fig. 1. Pro of Theory Outcomes

Due to the relationship b et w een p and : p , man y few er than the 36 p ossible

com binations are p ossible outcomes of the pro of theory .

In what follo ws, p ranges o v er literals and � p denotes the complemen t of p .

W e �rst establish some simple results that will eliminate man y com binations.

Prop osition 1. Consider a defe asible the ory D .

1. If 6` � � � p and 6` + �p then 6` + @ p

2. If ` + � � p and ` � �p then ` � @ p

3. If ` + @ � p and ` � �p and 6` � @ p and D is �nite, then D is cyclic

Pro of: Statemen ts 1 and 2 follo w directly from the pro of rules for + @ and � @ .

Statemen t 3 is pro v ed as follo ws.

Supp ose ` + @ � p , ` � �p and 6` � @ p .

If w e could pro v e + @ � p via + � � p then w e could pro v e � @ p through (2.2)

of � @ , a con tradiction. So there is a rule r for � p suc h that 8 a 2 A ( r ) + @ a can

b e pro v ed.

Since 6` � @ p , b y (2.3) of � @ there is a rule t for p suc h that 8 a 2 A ( t ) � @ a

cannot b e pro v ed, and t > r .

F ollo wing (2.3) of + @ , there is a rule t

1

for � p suc h that 8 a 2 A ( t

1

), + @ a

can b e pro v ed and t

1

> t . Reconsidering (2.3) of � @ , there is a rule t

2

for p suc h

that 8 a 2 A ( t

2

) � @ a cannot b e pro v ed, and t

2

> t

1

.

Rep eating this argumen t enough times, it is clear that there m ust b e a cycle

in the sup eriorit y relation, since D is �nite. 2

In terms of the the diagram (Figure 1), the prop erties of the previous prop o-

sition ha v e the follo wing e�ects:



1. If p satis�es A, B, D, E, or F, and � p satis�es A, B, or C then p satis�es A,

E, or F (Prop ert y 1). Consequen tly , it is not p ossible for p to satisfy B or D,

and � p to satisfy A, B, or C.

2. If p satis�es D, E, or F, and � p satis�es C then p satis�es F (Prop ert y 2).

Consequen tly , it is not p ossible for p to satisfy D or E, and � p to satisfy C.

3. If � p satis�es B, C or D, and p satis�es D or E, then D is cyclic (Prop ert y

3). Consequen tly , if D is acyclic, it is not p ossible for � p to satisfy B, C or

D, and p to satisfy D or E.

These e�ects apply for p a p ositiv e or negativ e literal.

In the follo wing table w e displa y the p ossible com binations of conclusions for

a prop osition p and its negation : p . The table is symmetric across the leading

diagonal, since the treatmen t of literals in defeasible logic { and, in particular,

in the e�ects ab o v e { is not a�ected b y the p olarit y of the literal. Those com bi-

nations whic h are p ossible are displa y ed as Poss . Those com binations whic h

are not p ossible are displa y ed as NP(i) , where i is the prop ert y n um b er whic h

implies that they are imp ossible. The com binations displa y ed as NP(3) are

imp ossible only in acyclic theories, and can b e obtained for cyclic theories, as

w e will see shortly .

: p

A B C D E F

A Poss NP(1) Poss NP(1) Poss Poss

B NP(1) NP(1) NP(1) NP(1) NP(3) Poss

p C Poss NP(1) Poss NP(1) NP(2) Poss

D NP(1) NP(1) NP(1) NP(3) NP(3) Poss

E Poss NP(3) NP(2) NP(3) Poss Poss

F Poss Poss Poss Poss Poss Poss

It is easy to see that for all com binations that are p ossible, a sample theory

can b e obtained b y com bining the appropriate theories for eac h letter, as listed

earlier.

There are �v e com binations that cannot b e obtained b y acyclic theories, but

are p ossible when cyclic theories are p ermitted. These com binations are DD,

BE, DE and their rev erses, for whic h prop ert y 3 is cited in the table ab o v e. W e

giv e b elo w an example theory for eac h case.

F or DD

r

1

: ) p

r

2

: ) : p

r

1

> r

2

; r

2

> r

1



F or BE

r

1

: p ) p

r

2

: ) : p

r

3

: : p ! : p

r

1

> r

2

; r

2

> r

1

F or DE

r

1

: p ) p

r

2

: ) : p

r

1

> r

2

; r

2

> r

1

F rom the results summarised in the ab o v e table, and the commen t imm edi-

ately follo wing it, w e can dra w the follo wing results.

Theorem 2. If D is an acyclic defe asible lo gic the ory, then D is c onclusion

e quivalent to a the ory D

0

that c ontains no use of the sup eriority r elation, nor

defe aters.

If D is a cyclic defe asible lo gic the ory, then D is c onclusion e quivalent to a

the ory D

0

that c ontains no use of defe aters, and if D

0

c ontains cycles then they

have length 2, and e ach cycle involves the only two rules for a liter al and its

c omplement.

These results do not necessarily extend to predicate-based form ulations in the

sense that D

0

migh t need to b e in�nite, ev en though D is �nite.

Applying the same tec hniques as ab o v e, w e ha v e a simple pro of that the

defeasible part of an acyclic defeasible logic theory is consisten t. By consisten t

w e mean that a theory cannot conclude that b oth a prop osition and its negation

are defeasibly true. This w as �rst pro v ed b y Billington in [3 ].

Prop osition 3. L et D b e an acyclic defe asible lo gic the ory. If ` + @ p and `

+ @ � p then ` + �p and ` + � � p .

Conse quently, if D c ontains no strict rules and no facts and ` + @ q , then

` � @ � q .

Pro of: If ` + @ p and ` + @ � p then p and � p eac h satis�es B, C or D. Lo oking

at the table, and since D is acyclic, b oth p and � p satisfy C. That is, ` + �p

and ` + � � p . 2

The theory ab o v e for com bination DD sho ws that cyclic theories can b e

inconsisten t. F urthermore, the formally greater expressiv eness, in terms of com-

binations, of p ermitting cyclic sup eriorit y relations app ears, from lo oking at the

ab o v e examples, not to translate in to greater usefulness. This suggests that the

restriction to acyclic defeasible theories, already justi�ed b y in tuition and a v oid-

ing inconsistence, pro vides no practical limitation.

4 Mo dular T ransformations

Theory transformations are an imp ortan t w a y to exploit results of the previous

section. They can b e used to extend an implem en tation of a subset of defeasible

logic to the en tire logic. Some w ork along these lines has already b een done [2 ].



A tr ansformation is a mapping from defeasible theories to defeasible theories.

Recall that D

1

� D

2

i� D

1

and D

2

ha v e the same consequences. A transforma-

tion is correct if the transformed theory has the same meaning as the original

theory . F ormally: a transformation T is c orr e ct if, for all defeasible theories D ,

D � T ( D ).

In general, w e do not deal with a single kno wledge base, but rather with

sev eral, and an imp ortan t op eration is the merging or com bining of kno wledge

bases. In defeasible logic w e represen t this as a union of theories. The union of

defeasible theories D

1

= ( F

1

; R

1

; >

1

) and D

2

= ( F

2

; R

2

; >

2

) is the defeasible

theory D

1

[ D

2

= ( F

1

[ F

2

; R

1

[ R

2

; >

1

[ >

2

).

Most op erations on kno wledge bases are minor c hanges to an existing kno wl-

edge base. If the original kno wledge base has b een transformed, sa y for e�ciency

reasons, then w e w ould wish a minor up date to the original kno wledge base not

require that the en tire up dated kno wledge base b e transformed. This is a form of

incremen talit y . A transformation is incremen tal if the application of the transfor-

mation can b e p erformed on bit-b y-bit basis. F ormally: a transformation T is in-

cr emental if, for all defeasible theories D

1

and D

2

, T ( D

1

[ D

2

) � T ( D

1

) [ T ( D

2

).

Similarly , when w e c hange the represen tation of kno wledge in a part of a

kno wledge base, w e w ould lik e this c hange to b e in visible to the remainder of

the kno wledge base. This concept of mo dularit y is imp ortan t in all forms of

soft w are dev elopmen t. A transformation is mo dular if it can b e applied to a part

of a theory without mo difying the meaning of the theory as a whole. F ormally: a

transformation T is mo dular if, for all defeasible theories D

1

and D

2

, D

1

[ D

2

�

T ( D

1

) [ D

2

.

Mo dularit y , incremen talit y and correctness of transformations are closely re-

lated.

Prop ositi on 4. A tr ansformation is mo dular i� it is c orr e ct and incr emental.

Pro of: ( : T ( D

1

) [ D

2

� T ( D

1

) [ T ( D

2

) � T ( D

1

[ D

2

) � D

1

[ D

2

, using

correctness, incremen talit y and correctness resp ectiv ely .

) : T aking D

2

= ; in the de�nition of mo dularit y , w e ha v e D

1

� T ( D

1

)

whic h expresses correctness. Applying correctness to D

1

[ D

2

and D

2

in the def-

inition of mo dularit y w e obtain T ( D

1

[ D

2

) � T ( D

1

) [ T ( D

2

) whic h expresses

incremen talit y . 2

In the previous section w e sho w ed that an y acyclic defeasible theory is equiv-

alen t to one whic h uses no defeaters and an empt y sup eriorit y relation. It is

in teresting to con trast this theorem with the follo wing result adapted from [2 ].

Theorem 5. L et A ; p b e a defe ater. Then, in gener al, ther e is no acyclic de-

fe asible the ory D

0

without defe aters, such that for al l acyclic defe asible the ories

D , D [ f A ; p g and D [ D

0

al low the same c onclusions in the signatur e �

(wher e � is the signatur e of D [ f A ; p g ).



In other w ords, although defeaters do not add to the expressiv eness of defea-

sible logic, they cannot b e sim ulated in a mo dular way using strict and defeasible

rules only .

5 Conclusion

The complexit y of the pro of theory of defeasible logic has b een a ma jor obstacle

to the use of the logic. In the �rst part of this pap er w e exp osed the in tuitions

b ehind the pro of theory , whic h help o v ercome this obstacle. W e then dev elop ed

an analysis of the conclusions of defeasible logic whic h brings more clarit y to

the pro of theory . As a result of the analysis, w e obtained simple pro ofs of three

imp ortan t results:

{ defeaters do not add to the expressiv eness of defeasible logic (in terms of

conclusions).

{ the sup eriorit y relation do es not add to the expressiv eness of acyclic defea-

sible logic

{ acyclic defeasible theories are consisten t.

The analysis and the results supp ort the in tuition that p ermitting cyclic defea-

sible theories do es not ha v e practical adv an tages.

Cleaning up and enhancing the understanding of the basic concepts of defea-

sible logic is the �rst step in our researc h e�ort to w ards the use of the logic as

a logic mo delling to ol.
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